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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject 
new compound useful for forming an insulating film 
having a low dielectric constant in a semiconductor 
apparatus with a multi-layer wiring structure and high 
reliability. 

SOLUTION: This compound is shown by the formula I 
[R1 to R4 are each one selected from a group * ^1 ■ ^ 

consisting of H, a (substituted) alkoxy, OH and an ^ . 

adamantyl ring-containing group] and has a three- 
dimensional space in the molecular structure such as 
adamantyltrimethoxysilane. The compound of the 
formula is obtained, for example, by dissolving 
adamantane bromide in dibutyl ether, reacting the 
solution with magnesium to give 

adamantylmagnesium bromide (Grignard reagent) Tetraethoxysilane is dripped on 
previously prepared adamantylmagnesium bromide, then stirring is stopped and the 
prepared solution is filtered: The filtrate is subjected to a rotary evaporator to distill off 
dibutyl ether. The remaining filtrate is dissolved in benzene and further lyophilized to give 
the objective compound. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon compound which is characterized by what is expressed by the degree type (1) 

and which has a three-dimensional opening in the molecular structure: [Formula 1] 
R I 

I 

Ri — Si — R. ( 1 ) 



(In a top type RI, R2, R3, and R4) mutually the same -- or — differing — **** -- respectively — a 
hydrogen atom, a permutation, or an xmsubstituted alkoxy group — The member chosen from the 
group which consists of a hydroxyl group and an adamanthyl ring content radical is expressed. 
However, when 1 member of the substituents RI, R2, R3, and R4 - 3 members are adamanthyl ring 
content radicals and 3 members of RI, R2, R3, and R4 are adamanthyl ring content radicals, the 
remaining members are an alkoxy group or a hydroxyl group. 

[Claim 2] The silicon compound expressed by at least one kind of degree type (1): [Formvila 2] 
R s 

I 

Ri — S i — R, - CI) 

I 

R* 

(In a top type RI, R2, R3, and R4) mutually the same — or — differing ~ **** - respectively - a 
hydrogen atom, a permutation, or an xmsubstituted alkoxy group — The member chosen from the 
group which consists of a hydroxyl group and an adamanthyl ring content radical is expressed, 
however, the case where 1 member of RI, R2, R3, and R4 - 3 members are adamanthyl ring content 
radicals, and 3 members of RI, R2, R3, and R4 are adamanthyl ring content radicals — the remaining 
members ~ an alkoxy group or a hydroxyl group ~ it is ~ the insulator layer formation ingredient 
characterized by coming to contain. 

[Claim 3] The silicon compound expressed by at least one kind of degree type (1): [Formula 3] 
R t 

I 

Ri — Si — R4 (1) 



(In a top type RI, R2, R3, and R4) mutually the same ~ or -- differing ~ **** - respectively - a 
hydrogen atom, a permutation, or an xmsubstituted alkoxy group — The member chosen from the 
group which consists of a hydroxyl group and an adamanthyl ring content radical is expressed. 
However, 1 member of RI, R2, R3, and R4 - 3 members are adamanthyl ring content radicals. It is 
the semiconductor device characterized by having the insulator layer formed from the remaining 
members being an alkoxy group or a hydroxyl group when 3 members of RI, R2, R3, and R4 are 
adamanthyl ring content radicals. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] When this invention is described in more detail about a silicon compound, it 
relates to the new silicon compound which can be advantageously used as an insulator layer in 
manufacture of a semiconductor device. This invention relates to the semiconductor device of the 
high speed which has a highly reliable insulator layer with the low dielectric constant formed again 
from the insulator layer formation ingredient containing this silicon compound, and this silicon 
compound. 
[0002] 

[Description of the Prior Art] As everyone knows, with the increment in the degree of integration in 
a semiconductor device, and improvement in a component consistency, especially the demand to 
multilayering of a semiconductor device is increasing, and the multilayer structure of various classes 
is embodied. In such a semiconductor device, in order to attain the improvement in the speed, it is 
required to aim at reduction of delay of the signal propagation velocity of wiring arranged through an 
interlayer insulation film. Moreover, it is known that the propagation velocity of a signal is 
determined by the parasitic capacitance produced between wiring resistance and wiring and that it is 
required to reduce wiring resistance and the parasitic capacitance during wiring in order to aim at 
reduction of delay of signal propagation velocity if it puts in another way. Furthermore, as a recent 
trend, wiring width of face and wiring spacing are becoming narrow by high integration of a 
semiconductor device, wiring resistance goes up and, therefore, the parasitic capacitance during 
wiring is increasing. Here, although it can decrease by making wiring thickness thin and making the 
cross section small, since the capacity of the insulator layer during wiring will cause the further 
lifting of wiring resistance if wiring tihickness is made thin, it cannot attain improvement in the speed 
of a semiconductor device. In order to attain improvement in the speed of equipment therefore, the 
activity of the wiring material of low resistance of copper or its alloy and low dielectric constant- 
ization of an insulator layer become indispensable. That is, in development of a future high-speed 
device, it is expected that the activity of a low resistance wiring material and low dielectric constant- 
ization of an insulator layer become the big factor which govems the engine performance of a 
semiconductor device. This can be explained as follows. 

[0003] Generally, in the semiconductor device of multilayer structure, since wiring delay (T) is 
influenced with wiring resistance (R) and the capacity between wiring (C), a degree type can express 
it. 

T In ** CR and a top type, the relation between the capacity between wiring (C) and the dielectric 
constant (epsilonr) of an insulator layer can express [ an electrode surface product ] epsilon 0 and 
wiring spacing for the dielectric constant of S and a vacuum by d, then the degree type. 
[0004] C = In order to make small epsilonO, epsilonr and S/d, therefore wiring delay T, low dielectric 
constant-ization of an insulator layer serves as an effective means. Although various insulator layer 
formation ingredients are proposed in order to form the insulator layer of the multilayer 
interconnection of a semiconductor device conventionally, what offers the insulator layer which has 
2.4 or less low dielectric constant is not known. Here, as touched also in advance, it is mentioned to 
having set one criteria of a dielectric constant to 2.4 that wiring spacing is narrow. Even if wiring 
spacing was 1 micrometer or more than it in the conventional semiconductor device, there was little 
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effect of the rate on the whole device of wiring delay. However, if wiring spacing comes to be less 
than 1 micrometer like recently, the effect on a device rate will become large, and when it will come 
to form an integrated circuit at intervals of wiring of 0.5 micrometers or less especially from now on, 
the parasitic capacitance during wiring will affect a device rate greatly. Therefore, with the 
conventional insulator layer formation ingredient, it is pressing need to offer the insulator layer 
which h£is 2.4 or less dielectric constant which is not embodied. 

[0005] Explanation of development of the insulator layer formation ingredient in the field of a 
semiconductor device flowing has used organic system polymeric materials, such as inorganic 
materials, such as a silicon dioxide (Si02), silicon nitride (SiN), and phosphorus silica glass (PSG), 
or polyimide, and organic [ SOG ], at first. However, CVD-Si02 which shows the lowest dielectric 
constant in the insulator layer of an inorganic material It is the film and a dielectric constant is at 
most about four. Moreover, although a dielectric constant is about 3.3-3.5 by the SiOF film 
examined as low dielectric constant CVD film recently, this insulator layer has high hygroscopicity, 
and while using it, it has the problem that a dielectric constant rises. 

[0006] On the other hand, in the organic poly membrane which shows the dielectric constant of 2.5- 
3.0 low in comparison, since glass transition temperature is as low as 200-350 degrees C and 
coefficient of thermal expansion is also large, the damage to wiring poses a problem. Moreover, by 
the organic SOG film, oxygen plasma ashing used for resist exfoliation etc. at the time of multilayer- 
interconnection pattern formation receives oxidation, and there is a fault of producing a crack. 
Moreover, since the organic system resin containing organic [ SOG ] has the low adhesion over the 
alloy which made the subject the alxmiinum and aluminum which are a wiring material, and the alloy 
which made copper and copper the subject, A void (opening made between wiring and an insulator 
layer) is produced near the wiring, moisture may invade there, wiring corrosion may be caused, and 
when a location gap arises further again at the time of beer hall opening for this void to form a 
multilayer interconnection, the short circuit between wiring layers may be caused. 
[0007] In recent years, development of a porous insulator layer formation ingredient is also 
furthered. The technique of porosity-izing is various, for example, after forming an insulator layer 
from an organic system ingredient and an inorganic system ingredient, an organic system ingredient 
is made to dissociate by heat-treating at an elevated temperature (curing), and there are an approach 
of making the film porosity-izing, the approach of connecting, xmiting and forming a spherical silica 
into a low consistency, etc. Membranous low consistency-ization is a technique indispensable to a 
next-generation low dielectric constant insulator layer, and a thing as shows 2.0 or less dielectric 
constant is also in the insulator layer formed by these approaches. Moreover, as a newer technique, 
the ingredient which has an opening is made to react to intramolecular with a resin ingredient, and 
how to form an insulator layer from the resin ingredient by which refining was carried out is also 
examined. 

[0008] However, since formation of the low consistency insulator layer by porosity-izing cannot 
control size (aperture) of the opening formed in the film, it tends to absoifo moisture and has a 
possibility of causing lifting of a dielectric constant, and the corrosion of wiring. Moreover, since the 
porosity-ized insulator layer is generally deficient in a mechanical strength, when performing 
especially chemical mechanical polish (CMP), it is easy to receive breakage. Furthermore, by the 
approach of forming an insulator layer in intramolecular using the ingredient which has an opening, 
since the amount of opening installation in an insulator layer is restricted by the resin ingredient used 
together, in spite of having the intention of low consistency-ization, a limitation will be generated in 
low consistency-ization. 
[0009] 

[Problem(s) to be Solved by the Invention] The object of this invention is to solve a trouble of a 
Prior art which was described above and offer a new compound usefiil to offer of the highly reliable 
insulator layer which has 2.4 or less low dielectric constant. Another object of this invention is to 
offer the ingredient which can form the insulator layer of a usefiil low dielectric constant and high- 
reliability in the semiconductor device which has multilayer-interconnection structure. 
[0010] Another object is fiirther to offer a semiconductor device with the high dependability 
equipped with the insulator layer which has the low dielectric constant of this invention. He could 
understand easily the object which this invention described above, and the other objects from the 
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following detailed explanation. 
[0011] 

[Means for Solving the Problem] This invention is silicon compound: [0012] which has the opening 

three-dimensional in the molecular structure characterized by what is expressed by the degree type 

(1) in the one field. 

[Formula 4] 
R s 

I 

Ri — Si — R« ( 1 ) 



[0013] (In a top type Rl, R2, R3, and R4) mutually the same - or — differing --**** — respectively 
— a hydrogen atom, a permutation, or an unsubstituted alkoxy group — The member chosen from the 
group which consists of a hydroxyl group and an adamanthyl ring content radical is expressed, 
however, the case where 1 member of the substituents Rl, R2, R3, and R4 - 3 members are 
adamanthyl ring content radicals, and 3 members of Rl, R2, R3, and R4 are adamanthyl ring content 
radicals — the remaining members — an alkoxy group or a hydroxyl group ~ it is ~ it is. 
[0014] This invention is in the insulator layer formation ingredient characterized by coming to 
contain the silicon compound expressed by the at least one kind before type (1) in the field of 
another again. Fxirthermore, this invention is in the semiconductor device characterized by having 
the insulator layer formed from the silicon compound expressed by the at least one kind before type 
(1) in the field of another. 
[0015] 

[Embodiment of the Invention] As described above, the silicon compound by this invention is 
characterized by what is expressed by the before type (1), originates in the structure, and has the 
three-dimensional opening in the molecular structure. If the silicon compound characterized by 
having a three-dimensional opening in the molecular structure by this invention does not almost have 
changing the condition of an opening with other compounds, reactions, and association, therefore 
this silicon compound is used for formation of a porosity-ized insulator layer, it can secure a fixed 
opening and, therefore, can give 2.4 or less very low dielectric constant and high dependability to the 
insulator layer obtained. 

[0016] In a top type (1), you may differ and Rl , R2, R3, and R4 in a formula express the same or the 
member of each other chosen from the group which consists of hydroxyl groups, such as a hydrogen 
atom, a permutation or an unsubstituted alkoxy group, for example, a methoxy group, an ethoxy 
radical, a propoxy group, and a butoxy radical, and an adamanthyl ring content radical, respectively. 
However, in this silicon compound, 1 member of the substituents Rl, R2, R3, and R4 in a top type, 2 
members, or 3 members need to be an adamanthyl ring content radical, an adamanthyl ring content 
radical — desirable - Rl — 2 members of Rl and R4, or 3 members of Rl, R2, and R3 — it comes 
out and a certain thing is made. In addition, when 3 members of the substituents Rl, R2, R3, and R4 
are adamanthyl ring content radicals, the remaining members are an alkoxy group or a hydroxyl 
group. 

[0017] A degree type (2) can express preferably the adamanthyl ring content radical contained in a 
silicon compound. 
[0018] 
[Formula 5] 
^» * «. 
* \ 

Z C - L - ( 2 ) 



[0019] In a top type (2), Z expresses an atomic group required to complete an adamanthyl ring with 
the carbon atom in a formula, and L expresses the joint radical of arbitration. The joint radical L 
should be contained in a silicon compound at arbitration according to a property [ ] etc., and 
may exist, or does not need to exist. Although not necessarily limited to what is enumerated below as 
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an example of the suitable joint radical L, aromatic series radicals, such as alkylene groups, such as a 
methylene group and ethylene, a phenylene group, and a phenoxy group, a carbonyl group, an oxo- 
radical, etc. can be mentioned. In addition, when heat-resistant lowering etc. is taken into 
consideration, the shorter one in comparison of the die length of this joint radical L is desirable. 
[0020] Although a three-dimensional opening is given in the molecular structure of a silicon 
compound, if an adamanthyl ring content radical which was described above is useful, it may be 
permuted further in the location of the arbitration of the adamanthyl ring. Suitable substituents are 
low-grade alkyl groups, such as a methyl group. Moreover, association of the adamanthyl ring 
content radical to the silicon atom (Si) of a silicon compound can be performed in the location of the 
arbitration of the adamanthyl ring, xmless it has an adverse effect on the effectiveness of this 
invention. 

[0021] When especially a useful adamanthyl ring content radical shows the example in operation of 
this invention, it is the radical expressed by a degree type (3), (4), or (5). 
[0022] 
[Formula 6] 



[0023] According to this invention persons' knowledge, the thermal resistance which was excellent 
to the insulator layer obtained as the joint radical L is a phenylene group or a phenoxy group can be 
given. The silicon compound of this invention can have silicon component-Si-R (R in a formula 
expresses a hydrogen atom, or expresses a permutation or an unsubstituted alkyl group, for example, 
a methyl group, an ethyl group, etc.) in the molecular structure preferably. That is, the moisture 
resistance of the insulator layer of a low dielectric constant can be further raised by introducing into 
some silicon compoimds silicon component-Si-R which has water repellence. Moreover, when it is 
difficult into the molecular structure of a silicon compound to introduce such a silicon component so 
that it may indicate below (i.e., when 3 members of the substituents Rl, R2, R3, and R4 are 
adamanthyl ring content radicals), the silicon compound containing silicon component-Si-R may be 
additionally included in an insulator layer formation ingredient. As a suitable silicon compound, 
silanes and silazanes can be mentioned, for example. 

[0024] If the typical example of the silicon compound by this invention is shown, although it will not 
necessarily be limited to what is enumerated below, adamanthyl trimethoxysilane, adamanthyl 
triethoxysilane, adamanthyl phenyl triethoxysilane, adamanthyl phenoxy triethoxysilane, JIADA 
man tongue diethoxysilane, etc. can be mentioned. Although tihese silicon compounds and the silicon 
compound of other this inventions are adopted also in the following examples, they can be easily 
prepared using the technique widely known in the chemistry of silicon, therefore omit detailed 
explanation here. 

[0025] This invention is in the insulator layer formation ingredient characterized by including the 
silicon compound expressed by the before type (1) again. The silicon compoimd of this invention 
may be used independently, or may be used combining the silicon compoimd of this invention 
beyond two kinds or it, and if further suitable, a silicon compoimd well-known as an insulator layer 





... (4) 
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formation ingredient may be used for it combining the silicon compound of this invention, 
[0026] Moreover, the insulator layer formation ingredient of this invention can be preferably used in 
the form where additional silicon compound S i-R (R in a formula expresses a hydrogen atom, or 
expresses a permutation or an unsubstituted alkyl group, for example, a methyl group, an ethyl 
group, etc.) was mixed further. As a suitable silicon compound, silanes and silazanes can be 
mentioned, for example. Formation of the insulator layer in this invention can use such a silicon 
compound [ it being able to carry out advantageously using a sol-gel method ] as a metal alkoxide 
which contains silicon component-Si-R corresponding to it in a molecule, including such a 
compoimd additionally. Thus, further damp-proof improvement can be aimed at in the insulator layer 
obtained. 

[0027] After the insulator layer formation ingredient of this invention dissolves in the suitable 
solvent for a desirable thing, it can be applied on the substrate by which the insulator layer formation 
part on a substrate, for example, a circuit pattern, is already made by the applying methods, such as a 
spin coat method. Therefore, even if a narrow gap etc. applies to the insulator layer formation part of 
a semiconductor device and there is a ****** part, it can apply to homogeneity easily, and it can 
contribute to improvement in the property of the insulator layer obtained. 

[0028] Moreover, although this invention persons could use the insulator layer formation ingredient 
of this invention for formation of an insulator layer in the field of a semiconductor device in relation 
to the above using various techniques in ordinary use, when forming an interlayer insulation film and 
other insulator layers using a sol-gel method, it found out that it can be used especially 
advantageously. For example, it is made to react in an organic solvent, the silicon compound and 
metal alkoxide (TEOS), for example, the tetra-ethoxy silane, of adamanthyl ring content of this 
invention, and an adamanthyl-metal alkoxide is generated. Subsequently, aqueous acids are added to 
the obtained product and an insulator layer is formed with a sol-gel method. Thus, since the space 
(opening) formed in the film after membrane formation is the minute space of a molecular level, 
even if tfie formed insulator layer is left by the insulator layer in atmospheric air, it will become 
possible to form the insulator layer which the space of an insulator layer did not show moisture 
absorption, therefore was excellent in moisture resistance as compared with the porosity former 
insulator layer, moreover, the case where it compares with the silicon film by the conventional sol- 
gel method — the operation effectiveness of the minute space of intramolecular — more — low — 
formation of a dielectric constant insulator layer is attained. 

[0029] Especially the sol-gel method that can be used in favor of formation of an insulator layer in 
this invention is a technique which the field of the ceramics is sufficient as, is known and is, and in 
operation of this invention, the suitable approach and suitable conditions for formation of an 
insulator layer can be chosen as arbitration, and it can carry them out. For example, as an organic 
solvent, it is desirable to use an acetone, a tetrahydrofuran, chloroform, 2-methoxyethanol, dimethyl 
sulfoxide, dimethylformamide, dioxane, ethylene glycol wood ether, diethylene-glycol wood ether, 
ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, etc. Especially an acetone has 
high solubility, and since it is cheap and available, it is suitable for it to a sol-gel method. Moreover, 
as aqueous acids, the water solution of acids, such as a nitric acid, a hydrochloric acid, and a sulfiuic 
acid, can be used. Such acid concentration of aqueous acids is 50-2000 ppm. It is desirable that it is 
die range. Because, acid concentration is 50 ppm. A reaction does not advance in the following but it 
is 2000 ppm to objection. It is because gelation will take place by the rapid reaction if it exceeds. 
Therefore, it is usually 200 ppm. Or 400 ppm It is most suitable for progress of a reaction to use 
aqueous acids by the acid concentration of extent. A reaction is carried out under stirring, while 
aqueous acids are dropped, and as for the temperature in that case, it is usually desirable that it is the 
range fi-om a room temperature (about 20 degrees C) to 80 degrees C. As for the dropping rate of 
aqueous acids, it is desirable that it is the range of 0. 1 - 1 .0ml / sec. a reaction rate is quick when 
reaction temperature comes to exceed 80 degrees C — it elapses and becomes easy to gel. for 
example, acid concentration - 200 ppm ** - carrying out - the time - 60 degrees C - reactant 
improvement can be aimed at by applying reaction temp^ature. 

[0030] Furthermore, this invention is in independent or the semiconductor device characterized by 
having the insulator layer which combined and was formed fi-om the included insulator layer 
formation ingredient about the silicon compound expressed by the before type (1). The 
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semiconductor device of this invention is a semiconductor device which has multilayer- 
interconnection structure preferably, therefore the interlayer insulation film during wiring consists of 
insulator layer formation ingredients of this invention. Since it can accelerate by low dielectric 
constant-ization of an insulator layer, it unites and lifting of the dielectric constant by moisture 
absorption is controlled, dependability of this semiconductor device of this invention also improves. 
[003 1 ] On the insulator layer formed by this invention, another insulator layers, such as silicon 
oxide, may be formed using vapor growth etc. This is because effectiveness is to control reduction of 
the hydrogen and the fluorine which intercepted the insulator layer formed by this invention with the 
open air, and remain in the film. Moreover, this another insulator layer is effective also in preventing 
that the insulator layer by this invention receives breakage by processing (for example, processing of 
flattening by CMP etc.) at a subsequent process. 
[0032] 

[Example] Then, the following example explains this invention in more detail. In addition, this 
invention is not limited by the following example. 

the bromination of one mol of preparation of example of preparation 1 adamanthyl triethoxysilane — 
after dissolving adamantane with dibutyl ether, the obtained solution was dropped into the flask 
containing one-mol magnesium, the place made to react, stirring the contents of a flask ~ 
bromination — adamanthyl magnesixmi (Grignard reagent) was obtained, the bromination which 
prepared the one-mol tetra-ethoxy silane (TEOS) previously -- after being dropped at adamanthyl 
magnesium, stirring was stopped and the obtained solution was filtered. After removing dibutyl 
ether, having covered the filtrate over the rotary evaporator, the remaining filtrate was dissolved in 
benzene and it fireeze-dried fiirther. Target adamanthyl triethoxysilane was obtained, 
the bromination of two mols of preparation of example of preparation 2 JIADA man tongue 
diethoxysilane ~ after dissolving adamantane with dibutyl ether, the obtained solution was dropped 
into the flask containing two-mol magnesixmi. the place made to react, stirring the contents of a flask 
— bromination — adamanthyl magnesium (Grignard reagent) was obtained, the bromination which 
prep2tred the one-mol tetra-ethoxy silane (TEOS) previously ~ after being dropped at adamanthyl 
magnesium, stirring was stopped and the obtained solution was filtered. After removing dibutyl 
ether, having covered the filtrate over the rotary evaporator, the remaining filtrate was dissolved in 
benzene and it fi-eeze-dried further. Target JIAIDA man tongue diethoxysilane was obtained. 
The 0,5-mol adamanthyl triethoxysilane prepared in said example 1 of preparation in the flask 
equipped with production of example 1 insulator layer and the measurement agitator of a dielectric 
constant, a thermometer, and a tap fiinnel was dissolved in the acetone, and 20% of the weight of the 
solution was prepared. The 1 .5-mol nitric-acid water solution (concentration of 200 ppm) was 
dropped at the flask, the inside of the system of reaction was heated at 60 degrees C, and it stirred 
over 2 hoxirs. After cooling the solution in a flask to a room temperature, stirring was stopped and it 
filtered fiirther. 

[0033] The spin coat of the spreading solution containing the adamanthyl triethoxysilane prepared as 
mentioned above was carried out by 5000A of thickness on the silicon substrate, it dried over 3 
minutes at 200 degrees C on the hot plate, and the solvent was removed. Subsequently, the silicon 
substrate after desiccation is moved to a vacuum-drying furnace, and it is 10 ppm of oxygen 
densities. It heat-treated over 30 minutes at 400 degrees C in the following nitrogen. The target 
insulator layer was obtained. 

[0034] Then, when the mask vacuum evaporationo of the golden (Au) electrode with a diameter of 
1mm was carried out on the formed insulator layer and the dielectric constant was measured by 
IMHz, it became clear that it was 2.3. Furthermore, in order to evaluate aging of a dielectric 
constant, when the insulator layer was left over one week in the temperature of 24 degrees C, and 
(relative humidity RH) 60% atmospheric air and the dielectric constant was measured by the middle, 
a result which is plotted as relation between neglect time amount(Sun.) and a dielectric constant to 
attached drawing 1 was obtained. The dielectric constant after leaving it over one week was 2.5. 
Although production of example 2 insulator layer and technique given in the measurement 
aforementioned example 1 of a dielectric constant were repeated, in this example, it replaced with 
adamanthyl triethoxysilane and the adamanthyl phenyl triethoxysilane prepared like said example 1 
of preparation was used. When the mask vacuum evaporationo of the golden (Au) electrode with a 
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diameter of 1mm was carried out on the formed insulator layer and the dielectric constant was 
measured by IMHz, it became clear that it was 2.4. Furthermore, in order to evaluate aging of a 
dielectric constant, when the insulator layer was left over one week in the temperature of 24 degrees 
C, and (relative humidity RH) 60% atmospheric air and the dielectric constant was measured by the 
middle, a result which is plotted as relation between neglect time amount(Sun.) and a dielectric 
constant to attached drawing 2 was obtained. The dielectric constant after leaving it over one week 
was 2.5. 

Although production of example 3 insulator layer and technique given in the measurement 
aforementioned example 1 of a dielectric constant were repeated, in this example, it replaced with 
adamanthyl triethoxysilane and the adamanthyl phenoxy triethoxysilane prepared like said example 
1 of preparation was used. When the mask vacuum evaporationo of the golden (Au) electrode with a 
diameter of 1mm was carried out on the formed insulator layer and the dielectric constant was 
measured by IMHz, it became clear that it was 2.2. Furthermore, in order to evaluate aging of a 
dielectric constant, when the insulator layer was left over one week in the temperature of 24 degrees 
C, and (relative humidity RH) 60% atmospheric air and the dielectric constant was measured by the 
middle, a result which is plotted as relation between neglect time amount(Sun.) and a dielectric 
constant to attached drawing 3 was obtained. The dielectric constant after leaving it over one week 
was 2.3. 

Although production of example 4 insulator layer and technique given in the measurement 
aforementioned example 1 of a dielectric constant were repeated, in this example, it replaced with 
adamanthyl triethoxysilane and the JIADA man tongue diethoxysilane prepared in said example 2 of 
preparation was used. When the mask vacuum evaporationo of the golden (Au) electrode with a 
diameter of 1mm was carried out on the formed insulator layer and the dielectric constant was 
measured by IMHz, it became clear that it was 2.2. Furthermore, in order to evaluate aging of a 
dielectric constant, when the insulator layer was left over one week in the temperature of 24 degrees 
C, and (relative humidity RH) 60% atmospheric air and the dielectric constant was measured by the 
middle, a result which is plotted as relation between neglect time amount(Sun.) and a dielectric 
constant to attached drawing 4 was obtained. The dielectric constant after leaving it over one week 
was 2.5. 

Although production of example 5 insulator layer and technique given in the measurement 
aforementioned example 1 of a dielectric constant were repeated, in this example, it replaced with 
adamanthyl triethoxysilane and the solution which mixed adamanthyl triethoxysilane and the JIADA 
man tongue diethoxysilane prepared in said example 2 of preparation by 1 :2 (weight ratio) was used. 
When the mask vacuum evaporationo of the golden (Au) electrode with a diameter of Imm was 
carried out on the formed insulator layer and the dielectric constant was measured by IMHz, it 
became clear that it was 2.2. Furthermore, it was 2.5, when the insulator layer was left over one 
week in the temperature of 24 degrees C, and (relative humidity RH) 60% atmospheric air and the 
dielectric constant was measured again, in order to evaluate aging of a dielectric constant. 
Although production of example 6 insulator layer and technique given in the measurement 
aforementioned example 1 of a dielectric constant were repeated, in this example, it replaced with 
adamanthyl triethoxysilane and the solution which mixed adamanthyl triethoxysilane and methyl 
triethoxysilane by 4:1 (weight ratio) was used. When the mask vacuum evaporationo of the golden 
(Au) electrode with a diameter of 1mm was carried out on the formed insulator layer and the 
dielectric constant was measured by IMHz, it became clear that it was 2.4. Furthermore, it was 2.6, 
when the insulator layer was left over one week in the temperature of 24 degrees C, and (relative 
humidity RH) 60% atmospheric air and the dielectric constant was measured again, in order to 
evaluate aging of a dielectric constant. 

Although production of example of comparison 1 insulator layer and technique given in the 
measurement aforementioned example 1 of a dielectric constant were repeated, in this example, for 
the comparison, it replaced with adamanthyl triethoxysilane and the solution which mixed a tetra- 
ethoxy silane and methyl triethoxysilane by 1:1 (weight ratio) was used. When the mask vacuum 
evaporationo of the golden (Au) electrode with a diameter of 1mm was carried out on the formed 
insulator layer and the dielectric constant was measured by IMHz, it became clear that it was 3.1. 
Furthermore, in order to evaluate aging of a dielectric constant, when the insulator layer was left 
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over one week in the temperature of 24 degrees C, and (relative humidity RH) 60% atmospheric air 
and the dielectric constant was measured by the middle, a result which is plotted as relation between 
neglect time amoimt(Sun.) and a dielectric constant to attached drawing 5 was obtained. The 
dielectric constant after leaving it over one week was 3.4. 

In the example of a production book of example 7 semiconductor device, the semiconductor device 
which has the multilayer-interconnection structure typically shown in drawing 6 was produced in the 
following procedure. 

[0035] the front face of a silicon substrate 1 — Si02 from — the becoming field oxide 2 was formed 
and the active region was demarcated. MOS transistor 3 containing sovirce field 3S and drain field 
3D was further formed in the interior of an active region. Subsequently, the technique given [ the 
interlayer insulation film 4 of this invention ] in said example 1 is followed so that MOS transistor 3 
may be covered, and it is 1 .5 micrometers of thickness. It deposited and flattening of the front face 
was further carried out by chemical machinery polish (CMP), 

[0036] It is 0.1 micrometers of thickness by the CVD method about the etching halt layer 6 which 
becomes the front face from boron nitride (BN) after formation of an interlayer insulation film 4. It 
deposited. Subsequently, the beer hole which penetrates the etching halt layer 6 and an interlayer 
insulation film 4, respectively was formed in die field corresponding to source field 3S and drain 
field 3D by the RIE method. Furtheraiore, the conductive plugs 5S and 5D were embedded in each 
beer hole. The embedding of the conductive plugs 5S and 5D deposited the wrap titanixmi nitride 
(TiN) film on the inner surface of each beer hall for it by the DC magnetron sputtering method, 
deposited the tungsten (W) film with the heat CVD method fijrther on it, embedded the interior of a 
beer hall, and performed it after that by removing W film and the TiN film which have been 
deposited on fields other than a beer hall by CMP so that it might be illustrated. After the embedding 
of a conductive plug was completed, the etching halt layer 7 which consists of BN was deposited on 
the etching halt layer 6 on the same membrane formation conditions as the etching halt layer 6. 
Furthermore, the technique given [ the interlayer insulation film 8 of this invention ] in said example 
1 is followed on the deposited etching halt layer 7, and it is 0.6 micrometers of thickness. It 
deposited. 

[0037] Furthermore, continuously, two-layer [ of the etching halt layer 7 of an interlayer insulation 
fibn 8 and its substrate ] was etched selectively, and wiring (here Cu) 1 1 was formed in a part for the 
opening. First, the interlayer insulation film 8 was etched by the RIE method, and it was made to 
stop automatically by the etching halt layer 7. Then, the etching halt layer 7 was etched under RIE 
conditions different from the case of an interlayer insulation film 8. Subsequently, the TiN film 9 
was formed by lOnm of thickness, and the plating seed layer 10 which consists of Cu was fiirther 
fomied in the front face by 500nm of thickness by the spatter so that the inner surface for opening 
formed in an interlayer insulation film 8 and it might be covered. On the front face of the plating 
seed layer 10, the Cu wiring 1 1 was formed by the electrolysis galvanizing method so that a part for 
opening to which the interlayer insulation film 8 was left behind might be embedded. The top face of 
conductive plug 5S contacted the base of one Cu wiring 11, and the top face of conductive plug 5D 
contacted the base of the Cu wiring 1 1 of another side. 

[0038] It is 0.1 micrometers of thickness by the CVD method about the diffusion prevention layer 12 
which removes the Cu wiring 1 1, the plating seed layer 10, and the TiN fihn 9 which have been 
deposited above the top face of an interlayer insulation film 8 by CMP, and consists of BN after an 
interlayer insulation film 8 and the Cu wiring 1 1 after forming the Cu wiring 1 1 , as it described 
above. It deposited, then, a pattem as shown in drawing 6 according to the same technique as the 
above-mentioned thing ~ 1 micrometer of thickness Si02 from — the becoming interlayer insulation 
film 13 and 0.1 micrometers of thickness The etching halt layer 14 which consists of BN, and 0.6 
micrometers of thickness The interlayer insulation fihn 15 of this invention, and 0.1 micrometers of 
thickness Sequential formation of the etching halt layer 16 which consists of BN, the TiN fihn 17 of 
lOnm of thickness, and the plating seed layer 18 which consists of Cu of 500nm of thickness be 
carried out The Cu wiring 19 was formed by the electrolysis galvanizing method so that a part for 
opening to which interlayer insulation films 13 and 15 were left behind might be embedded. CMP 
removed the Cu wiring 19, the plating seed layer 18, and the TiN film 17 which have been deposited 
above the top face of the etching halt layer 16. Finally, it is 0. 1 micrometers of thickness by the CVD 
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method about the diffusion prevention layer 17 which consists of BN after the etching halt layer 16 
and the Cu wiring 19. When it deposited, the semiconductor device which has the multilayer- 
interconnection structure shown in drawing 6 was obtained. 
[0039] 

[Effect of the Invention] As explained above, while having 2.4 or less low dielectric constant 
according to this invention, the new silicon compound which can form the highly reliable insulator 
layer which does not have the defect which results from moisture absorption etc., and the insulator 
layer formation ingredient which used it are obtained. Moreover, if this invention is followed, it can 
fianction through using such an insulator layer formation ingredient at the high speed for which the 
dielectric constant used a very low and reliable insulator layer and its insulator layer, and it is 
reliable and a semiconductor device can be obtained. Especially this invention can be contributed to 
the improvement in the speed of response of a semiconductor device which has multilayer- 
interconnection structure. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of tbis translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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v^iyi^^.ykT-^vyi,zmmL.x2omM.%(r)mm: 
mmLtz, 1.5 =^ivcrimmA(Mm (j8«2 o oppm > 

Sr7^X3tc?STU. 6 0X:<;JO^L-C 2^ 

^\.zhfz -^xmwLtz. y^xa nnmwL^m3&t. x^ 

C 0 0 3 3 ] ±Ml^Xo\,ZLXm^LtzT-r-7y^)VV 

Jf 50 0dAT'Xt:>'3-h"L. hr^-h±T'2 
0 0'CT3^J-ra{=i5^CoTieiilrm\ ^JSrl^L 

ti. <iK\^x\ mk^i^'}pyw^iM&m^t,z^ 

smmsi oppm \^XT<omm^x'A 0 o°c-c-3 o^i- 
m^zhfz-yxmm^'^-^tz. ^wtt-Thimm^nh 



[0034] ^\%m^^x. m^^ixftwm(r>±.f.zm.^ 

"lm(r)± (An) mk^-rX'^/mmL. IMHzTiSlE 
m^m^Lfzb:!^. 2. 3Xhi>:itt^WhLfz:^ 

t/fflMise ( RH ) 6 o.%tfo±m^*T-^M^ 1 m^\z 
Mc-^xmrnL. ^(r>m^x'mmm-km'^Lfzbzb\ ' 
mi<r)m 1 i^zwmm^ ( a ) ±mm»<7m^ t Lxru 

•y V-th i d ^rie*7&«#'?>ti.^. 1 mSi^i>i^^X-m. 

Ltz^<7mWmt2. 5T-S)-5 3t. 

1186002. 

mmmmi^ztm<7)^m'kmmLfzt^. i^mxit. 
ry-7yi-)VY^}:iiv^i^i^^y{,zi^i.x. mmm^ 
1 1 nniiz LxwmLti r ^ v i^^/u^ x h u x h 

inmiT)^ (Au ) ^trVX^^^L, IMHzTMfl:^ 

^m^i-fzkz.^. 2. AX'hh:itifiPm\^fz. 

^^<mm^^-i:mm^^tz»). iag2 4-c2aa , 
fflws^ ( RH ) 6 0 %co^s\4>T'^^ii^ 1 aratci^ 

f+cO02lcScSl»pia ( B ) tSim^ORI^i: LTTo-y 
h-^hiiotc^mmhirifz. liil^tciD^oTSScffiL 

■ mms. 

Huianiffifi'j 1 ^ztm<D^m^n ^mi-fzip. ^mx'i.±. 
h=jfi^-/7>'&ffifflt^c. mm.^ixfziimi^<r>±i,z-mi 

ImmCT)^ { Au ) mSBSrVXi7^«L. IMHzTI^ 

^Sraa^LJtfcci'?.. 2. 2X'hi>:Ltifivm\^fz, § 

IfmnUSS. ( R H ) 6 0 %<^:*:m4'r^]K S: 1 m^<,z 

.^'toH3 tcKM^^ ( B ) tmmm<^mmt Lxro 
'yv-^hio^xm^m^hfitz. lisratfcJtoTjfea 

' mmtmnzimco^m?:m'0MLfzf}^. ^^yx-ji. 
ry-vy^iu h u X h ^-fcrfti-T , mmmm 

2 X-mmtfz=JTy'7y:}' yi^J^V^i^=yy >'5r«ffl L 
tz. iX7t^KcO±tCltS 1 mmcO^ ( A u ) Hai 

Sr-7;^^'iUtL, 1 MH zT^^S:«B^Lfct i^, 

2 . 2X'h^zt i^fz, $ ^> t , Bim^om^ 
it^mm-fhtzih. ia«2 4-csi/ffl«®g (rh) e 

•0%<?3:^4iT«^li5:15Iiat=*)^-5TScSL, -e^^ 

m^x-m^.^^m^vtz t w ^ , -^'t<^04 tscs^s 
(B) tmm»<m^ti.xrn-vvrhXo^j:m^ifi 
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v:^^>'>''xh^£^i^vxS: 1. : 2 («»Jt) Tm-^L 
( RH ) 6 0 %C0±^'PX'^m^ 1 3i^{Ci:)3t-5 

/I' hU X h V- 5 >- fc ^ ;P Ml X h V- £^ 9 >- 5- 
4 : 1 (SSJt) -Cig-^LTt^^g^-fSlfflL^^, 

tzmm/n^HLmk i nrnKo^ ( a u > mss- v;?. ^ ig« 

3ti6: iaK2 4'C3lt/fflitSJg (RH) 6 0%<0:fc*.«f 

\.fz>L:L^. 2. 6T'&r)fc. 
Jt«5Ml. 

VcMfntdh^ r.^'W^/Ph Uxbdf>-i^7>lcft;t 
T. ■rh9xhdfi'v'7yi:;^^;Uhyxh^>'>'7>' 
^1:1 (MJt) Tfl-g-ti^^^jg&ffifflL/c. 

^uiiffiiSiicoitcitsiHunco^ (Au ) mmi-^i^^m 

lMHzT'^*$rSl^b;'::tC:>b. 3. it'ft 

Sfv:i6. iaS2 4-caiA'fflStSgt ( RH ) 6 0 
^X-mm^ 1 jllSItii?;^ -o TJfcg L . ^«03**T-^ 
^^m%.l.fzh^h. ^t^TSastcStS^IS (B) tsi 

v■s^\.ziofz■^x'^'Ltz^k<n>wmmi.^. Ax-h^ 

fz. . ,. . 

*0!iT<4. 06(c«5(iwtc^-r^eisafliitsr*-rs* 

- [0035] VyrJi^S^SloaffitirS iOa *-^>^|, 

7 -f -^p HK^tis 2 imm LX'immmt:m^ . s 

itm^cop^mzii $ <i> , y -xlilS 3 s H 1^ 
X\ MOSh'^^i^X^ Simd Xol,z:i^^a^commi& 



mm4 i:m?smm i izisM<r>^mizw^xBm i . 5 

//m T-itWL. $ <i>(C-?-eD*ai2r'fb^«iHiWBI (CM 
P) CJ:0¥ia-fkt/i. 

[0036] «S^M40»^f*. -e^^^Mfc^-ftiB 
m (BN) *>4,^rSX-y^>'^<?±il6S:CVDa{Cj; 

ojKJio. i/^m x-mmLfz], <$:\'^x\ v-p^mmss 
Rx/vu^ ymm3Di>zniiii-thmm(>z. ■ttt^tvi^-/ 

-ri-^-Mzmmttry^^s sm/sD^mi^^^fd, m 

l,Z. ^tl^tl(^\zT:!f^-/U<7)fHmi,Z^tlt:mdm-ft^:}' 
V l^TWi) m:X>C-7^fi'VuVXn-y^m,Zi.'^Yk 
«L;. ^cr,iJ.Z'^t:>\.Z9l^'f7.^V (W) ipSrSftCVD 

b'T*-;HiWh<:7)^iStc«l«L-!:v^|>W]KST/Ti 

NlKSrcMP^^J;'5^*•r4^t^^J:-:'•c^T^Jt:. mm, 

c7)±tcBN*'^>^rl,x.yf->'^ffil:Jl7Sr. x-yf-yj?- 

»±metmm<D^^n^x'imLfz. it«L 

mimtm 1 tisfjw^gfetcfi!^ rimo . 6 Atm r*t 
muz. 

[0037]$ (ilzUifX , BIStB^KS fc -ec^TJfiiO 

X -y ^ ^-^'ff jJJi 7 2 « 2r§IS?WtCX -y 1 T -5^ 
iO^QSE^lclB^ (ClClT'ti, Cu) llSrJ^^L^c. 
i-r, Jirai^llS^RI EStiOx-y^vj/L, X 

«y^>'jJ^i?±Ji7lcJ:'3S»WtcffjhS-^!t. 

x.y^:xj5^ffiJ17?rJll^^iM^K8<7)i®-^i:{4giJ<7) 

Ri E^ft^TT'x^y^yi/L^c. »:v^T\ srai^lis 
t^tnzmm^iifzmnm^(7>f>^mi:mo xoiz. n 
Nm9i:mmi onmxm^^^ ^^iz^<7)mmi>z. x/-^ 

•y^ffitc:J:0. Cu*^^>:2r.S.ft-o#>'-H« 1 0 5-Mif 
5 0 0 nuT-m LJt.i^-J^v—KSlO «7)a®±(C . 

^1 lc7jJSffitc{4#«ttr7i?'-5Sco±®*^;SML. fl& 
^rcOCuEiHl l<7)l£®fc{i^ttr7^5D<?D±B** 

msiLfz, 

10 0 3 81 ±ill.tc^dl,zLXCuWl&l l?:m&LL 
ffiiffil l. i^otv—KSl OSl/Ti NM9$:CMP 

tCctoi^t, ^LxmmimmaRx/cuw&i ico 
±izBm^t>^&WMm}kmi'2 ^cvvmizx *)mm 

0. lum XtmLfz. ?l#iggV^T. ±iiLfzi><r)tm 
«5r#atcfi!-5T, m6iz^-t^dKcJ-<9-yX\ im 

iuti(7)SiOi i)>(y^j:^mfssmmii3. m!^o. i 

Xim <5:)BN*>f>^^x-y^>-^^f?ii:®l 4. IKHO. 6 
Aim C7)2|s:%Bjoera«5iiiK 1 5 , IKiPO . 1 /zm (7)B N 
^^^j^SX-yf-V^i^fPiai 6, mmi OnmiOTi NI^ 
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17. ^LTIKiP5 0 0nm9Cu*>^^S»o#>'-K 

Ji 1 8 ^md:mm Lt: . m^imm i s at/ 1 s <^^$ 
tifzmaui^i:mibQ.t!X 0 izmmib-o tmizx o c u 

i>±tcJtaLTV^^CulE|gl Q.-i^o^v—KjllS 
S.t/TiNMl 7^CMPtCj:D^L7t. gMtC. X 

■y^y^i¥±mi em/cuw^i 9(r)±i,zBm^^^ 

SfiSStBSjUll 7S:CVDSCJ:0iiJlO. l;timTJt 
[0039] 

[^mco%^] i^^±^zmmLfzx^lz. :^^mizxii 
{f. 2. 4&.T<^tmm^^m-t?>tbhi.z. mmmiz 

mmm.mm?:mm-r^ ^ t ^ jit-c , mmm^jm^i^z^ 

-So 

[01 ] lijfi«a|l-C*^JOi^'JnMt:-^*»4>fmt 
[02 ] llififla|2T'*^oi^'J 3y-fk-^*><i>f^liL 



t. 

[031 mmms ^^^^(^i^ u 3 l 

^. ■ " 

[04 ] mmm4T:^WMcr>>-v ^.yit^t^i^frnt 

[05 ] immiTimm<r>=y') :nyit^m^h^L 
i-z^^m<r)mm^<m!^^it^yu'v v x^tz^fvyx-h 
h. 

[06 ] ^wmzi.h^wmm.<rmt. \.\^-'msim 
^^5cwt^ \^tzmmxh h . 

ymL 
3—MOShyy>'Xi' 

7 --X-y^V^/ffltJi 

g-TiN^ 

- 1 0—is^o#i/— KJl 

1 1-fi? (cu) ian 



[01] 



[02] 



(81 

3.5 
SS 3.0 ^ 
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2jO 



6 o 



2 A 6 

i&smr^ (Q) 



132 

as 

3.0 

I 
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2 4 6 
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»^ji|iiJHiifTfJ4'j^E±/hBa+4TB 1^ 

»^Jl|Jiil|tf^*JSEJL/hffl*4Ta 1^ 
1-t S±il«t5e^tfcrt 



F^^-i^(##) 4G072 AA28 BB09 CCD EE07 GGOl 

HH28 JJll JJ13 .JJ16 MMOl 
MM22 NN21 .RR05 RR12 UUOl 
UU30 

4H049 VNOl VPOl VQ06 VQ16 VQ20 
VQ21 VRIO VR20 VR40 VU24 
VU31 VW02 . 



